###### Strengths and limitations of this study

-   This study filled a gap in the literature by developing an infectious disease-specific health literacy (IDSHL) scale in China.

-   This study had a sufficient sample size to test and validate the scale, and to detect statistically significant differences in health literacy across sociodemographic categories.

-   The newly developed scale provides an efficient, psychometrically sound and user-friendly measure of IDSHL.

-   Data collected retrospectively might result in recall bias, whereas survey administration techniques may result in information bias.

-   Unique environmental conditions present during survey administration may have influenced survey responses and outcomes.

Introduction {#s1}
============

Health literacy is conceptualised as a mechanism through which individuals can exert control over their health and those factors associated with health outcomes, for example, health determinants.[@R1] [@R2] Health literacy is thus a skill set enabling individuals to comprehend health-related information,[@R3] to make health-related decisions in the context of everyday life, and to maintain a healthy lifestyle.[@R4] Hence, individuals who are health literate should: (1) possess necessary health awareness; (2) demonstrate basic health knowledge; (3) grasp necessary health skills; (4) be able to make reasonable decisions that benefit health; and (5) be proficient in reading, writing, numeracy and basic communication skills for acquiring, accessing and practising health information.[@R7] Low literacy levels are associated with increased health risk behaviours, negative health outcomes and increased medical costs.[@R3] [@R10]

It is argued that a disease-specific or context-specific health literacy tool may be more useful and relevant when it is applied to populations in need of managing a particular chronic illness or condition.[@R15] Furthermore, health literacy surveys can provide health professionals with useful assessments of people\'s health education needs while also functioning as an effective evaluation tool for targeted disease-specific interventions. There is currently no measure to assess infectious disease-specific health literacy (IDSHL), though Sun *et al*[@R16] developed a skills-based instrument for measuring the health literacy of respiratory infectious diseases.

Over the past two decades, nationwide health initiatives have led to significant reductions in infectious disease prevalence in China.[@R17] Yet infectious disease prevalence remains high when compared with developed countries.[@R18] Improving health literacy is one of China\'s top health priorities towards preventing the spread of infectious disease. Funded by the National Sci-Tech Plan Project (code number 2013BAI06B06), this paper reports on the development and psychometric properties of the IDSHL instrument that was used in China.

Methods {#s2}
=======

The following steps were employed to develop the IDSHL instrument: (1) defining and conceptualising the IDSHL; (2) domain and item development; (3) instrument construction; and (4) assessing the psychometric properties of the instrument in the target population.[@R19]

Conceptualisation and constructs of the IDSHL indicator framework {#s2a}
-----------------------------------------------------------------

We focused on three core principles to guide conceptualisation of the IDSHL instrument: cognition, decision-making and self-efficacy to prevent or treat infectious diseases. We used these core principles to facilitate four focus groups among individuals living in Beijing (average education level: middle school) in order to gain a comprehensive understanding of the domains which should be included in the IDSHL. A conceptual model consisting of six domains was finally formed: five inter-related domains assessed one\'s skills to prevent/treat infectious diseases and the remaining domain assessed cognitive ability. Next, we developed a second-tier indicator framework to interpret each of the domains. An expert panel consisting of 10 people with expertise in infectious disease prevention and control assessed the face validity of the initial framework as well as relevance, appropriateness and accuracy of each indicator in the framework. The final version of the framework included only those indicators where 80% agreement was obtained among the panel.

During the second stage of instrument development, we conducted two rounds of the *Delphi* survey to elicit expert opinion regarding the specific indicators that should be included in the IDSHL measure.[@R20] Twenty-three of the 30 invited health workers with expertise in infectious disease control in China participated in both rounds. At the conclusion of the second round, the expert panel reached consensus on the domains included in the two-tier IDSHL indicator framework ([table 1](#BMJOPEN2016012039TB1){ref-type="table"}).

###### 

IDSHL indicator framework and domains

  Domains                                                                Interpreting indicators
  ---------------------------------------------------------------------- ---------------------------------------------------------------------
  \(1\) Infectious disease-related knowledge and values                  Awareness of the harmfulness and seriousness of infectious diseases
  Sense of self-efficacy for infectious disease prevention and control   
  Sense of responsibility and health morality                            
  Basic concept of infectious disease                                    
  \(2\) Infectious disease prevention                                    At-risk groups
  Rational decision-making skills                                        
  Disinfection, sterilisation, insecticidal skills                       
  Self-protection skills against infectious disease                      
  Personal hygienic behaviour                                            
  Related policies and laws                                              
  Physical exercise                                                      
  Nutrition and food hygiene                                             
  \(3\) Management or treatment of infectious diseases                   Common syndrome and symptoms
  Health service use                                                     
  \(4\) Identification of pathogens and infection sources                Source of infection
  Classification of pathogens                                            
  \(5\) Transmission of infectious diseases                              Common transmission ways
  Factors influencing transmission                                       
  Cognitive ability                                                      Ability to access health information
  Understanding of infectious disease-related information                
  Capacity to use health information                                     

IDSHL, infectious disease-specific health literacy.

Selection of initial infectious disease-specific items and development of the scale {#s2b}
-----------------------------------------------------------------------------------

On the basis of the framework, we developed initial items (questions) to form the questionnaire. An item pool of 60 questions was subsequently developed by research staff and divided into two subscales. Subscale 1 consisted of 54 questions and assessed domains 1--5 with the purpose of measuring the necessary awareness, knowledge and skills of individuals to prevent or treat infectious diseases; subscale 2 (6 questions) assessed cognitive ability. A 10-person expert panel was organised from participants of the *Delphi* survey. Experts were required to rate each item on a five-point Likert scale[@R21] ranging from 5 (most relevant to IDSHL) to 1 (least relevant), and were asked to assess the clarity and conciseness of the close-ended items by using 'yes' or 'no' responses on each item. The content validity index (CVI) of the measure was calculated for each category and item. A CVI value of \>0.80 was set as the cut-point for acceptable validity.[@R22] Eventually, 10 items were removed and the final questionnaire contained 50 items with 44 items in subscale 1 and 6 items in subscale 2.

Population testing {#s2c}
------------------

To examine the utility of the IDSHL measure in China, 9000 residents were randomly sampled and asked to complete the questionnaire.

Sampling {#s2d}
--------

We used a three-staged stratified cluster sampling method to select study participants. First, we sampled three provinces (ie, Zhejiang, Hubei and Gansu) based on the socioeconomic development level (ie, competitive, average and distressed). From each sampled province, we then selected one city representing the 'average' socioeconomic development level. Next, we selected one urban district and one rural county from each of the three sampled cities. We then sampled two residential areas, two senior high schools, four hotels and four construction sites from each urban district; and from each county, we selected two villages and two senior high schools. Third, from each of the urban residential areas and rural villages, we employed a systematic random sampling technique to select 50 households from the household registration list. All family members of the sampled households aged 15--69 years were surveyed. From each of the sampled schools, 250 students were sampled using randomised clustered sampling methods. For the hotels and construction sites, 125 workers were sampled each due to the relatively smaller staff size. Overall, 9000 respondents were eligible to participate in the survey.

Data collection {#s2e}
---------------

Written consent was obtained prior to survey administration. Trained research assistants (RAs) provided instructions to respondents who then completed the self-administered questionnaire. Among respondents who had low reading comprehension, RAs read the instructions and questions without offering any additional interpretation or explanation. Most respondents spent about 20--30 min completing the questionnaire. The field survey was completed in 2014. For the 44 questions in subscale 1, we performed item reduction, reliability and validity analysis, and for the 6 questions of subscale 2, we conducted independent t-tests based on the score value.

Subscale 1 {#s2f}
----------

### Item reduction {#s2f1}

The 44-item subscale 1 was carefully examined so as to create a parsimonious yet psychometrically sound scale. Items retained in the subscale were required to meet the following criteria: (1) internal consistency and reliability; (2) discriminative ability; and (3) theoretical relevance and congruence with infectious disease- specific context and practices.

Statistics analysis {#s2g}
-------------------

### Reliability {#s2g1}

Cronbach\'s α was used to assess the internal consistency and reliability of the composite measure, and Corrected Item-Total Correlation and Cronbach\'s α If Item Deleted were calculated. The items selected for removal showed a relatively low item-total correlation (\<0.30), Cronbach\'s α value (\<0.75),[@R23] discriminative coefficient (\<0.30), difficulty coefficient (\<1.05) or difficulty coefficient (\>10).

### Construct validity {#s2g2}

We performed exploratory factor analysis (EFA) and principal components factor analysis to determine the underlying factor structure of the questionnaire.[@R24] The scree plot of the initial analysis and the results were rotated using varimax rotation. The number of factors was examined using the following criteria: (1) an eigenvalue \>1, (2) scree plot characteristics and (3) interpretability. Specifically, items were removed when: (1) the item-factor loading was \<0.40; (2) the loading(s) on each variable was (were) not significant; (3) the cross-loadings indicated relatively high loadings on more than one factor and (4) the item did not contribute to factor interpretability.

### Discriminative validity {#s2g3}

We defined difficulty coefficient (score) of the item as the reciprocal of the correct response rate (eg, if the correct response rate for a specific item was 20%, then the difficulty coefficient (score) would be 100/20=5). By using this scoring method, every respondent earned a cumulative score after completing the questionnaire. Then we compared the mean score of the top 27% to the lowest 27% of respondents to test the discriminative efficiency of each item in assessing the individual\'s health literacy. If p\<0.05, the item was considered discriminatively efficient.

We conducted receiver operating characteristic (ROC) analysis and used self-reported health status to determine the possible cut-off of the instrument.[@R25] We assessed the performance of the instrument in classifying respondents as having adequate health literacy using the ROC curve. The cut-off point was identified, and its sensitivity and specificity were evaluated.

We performed preliminary assessments of discriminative validity by calculating the questionnaire\'s correlations with sociodemographic characteristics.[@R26] Pearson\'s correlation coefficient was used to show the relationship between score and age, and an independent sample t-test was used to test the relationship between score and sex. A binary logistic regression was used to calculate the strength of association between health literacy score and sociodemographic characteristics. Health literacy was dichotomised as 1 (≥cut-off point of ROC, ie, 16.74) or 0 (\<cut-off point of ROC, ie, 16.74) and all independent variables were categorised or dichotomised.

Subscale 2 {#s2h}
----------

To determine the discriminative efficiency of the reading comprehension materials, we conducted independent-samples t-tests (Levene\'s Test for Equality of Variances) to identify the score difference between those who correctly answered a reading comprehension question and those who incorrectly answered the question.

All analyses were conducted using SPSS V.24.0 software package for Windows (SPSS Inc, Chicago, Illinois, USA). We defined statistical significance with an α of 0.05.

Results {#s3}
=======

Sociodemographic characteristics and health status of the sample {#s3a}
----------------------------------------------------------------

The sociodemographic characteristics of the sampled respondents are shown in [table 2](#BMJOPEN2016012039TB2){ref-type="table"}. Of the 9000 respondents sampled in the study, 8858 (mean age 31.39, SD 14.76 years) completed the questionnaire. The majority of respondents were of Han ethnicity (96.8%) with roughly equivalent genders (49.1% male) and those who were married (51.3%). Only 3.9% of respondents were illiterate, whereas the majority had completed high school (48.9%) or greater (12.4%). One-third of respondents (33.7%) were students and nearly two-thirds (64.1%) of respondents rated their health as good/very good. The 2-week morbidity rate was 16.7%.

###### 

Sociodemographic characteristics of the sampled respondents in China in 2014 (n=8858)

  Characteristics                                                     n (%) or mean±SD
  ------------------------------------------------------------------- ------------------
  Age (range 15--70 years)                                            31.39±14.76
   15∼                                                                3772 (42.6)
   25∼                                                                1332 (15.0)
   35∼                                                                1545 (17.4)
   45∼                                                                1529 (17.3)
   55∼                                                                680 (7.6)
  Sex                                                                 
   Male                                                               4349 (49.1)
   Female                                                             4485 (50.6)
  Ethnicity                                                           
   Han                                                                8649 (97.7)
   Others                                                             183 (2.1)
  Education                                                           
   Illiterate                                                         347 (3.9)
   Primary school                                                     957 (10.8)
   Junior high school                                                 2112 (23.8)
   Senior high school                                                 4329 (48.9)
   College/university diploma or higher                               1102 (12.4)
  Marital status                                                      
   Single                                                             3996 (45.1)
   Married                                                            4540 (51.3)
   Divorced                                                           126 (1.4)
   Widowed                                                            117 (1.3)
  Occupation                                                          
   Administrative personnel of government agencies and institutions   256 (2.9)
   Professional and technical personnel                               591 (6.7)
   Office clerk                                                       359 (4.1)
   Business/service staff                                             1447 (16.3)
   Factory workers                                                    92 (1.0)
   Self-employed                                                      190 (2.1)
   Agriculture                                                        966 (10.9)
   Student                                                            2989 (33.7)
   Laid-off workers                                                   123 (1.4)
   Retired                                                            256 (2.9)
   Off-farm workers                                                   1175 (13.3)
   Health personnel                                                   34 (0.4)
   Others                                                             357 (4.0)
  Self-rated health status                                            
   Very good                                                          1917 (21.6)
   Good                                                               3769 (42.5)
   Normal                                                             2746 (31.0)
   Poor                                                               320 (3.6)
   Very poor                                                          95 (1.1)
  Two-week morbidity                                                  1476 (16.7)
   Normal                                                             7358 (83.1)
  Time spent on internet surfing per day                              
   Never use internet                                                 3687 (41.6)
   \<1 hour                                                           2138 (24.1)
   1 hour∼                                                            1410 (15.9)
   2 hours∼                                                           1605 (18.1)
  Method for obtaining health information                             
   TV                                                                 3519 (39.7)
   Internet                                                           2688 (30.3)
   Radio                                                              138 (1.6)
   Newspapers and magazines                                           583 (6.6)
   Family, colleagues or friends                                      837 (9.4)
   Medical and health personnel                                       790 (8.9)

∼, range.

Reliability and validity of subscale 1 {#s3b}
--------------------------------------

### Initial reliability testing {#s3b1}

Twenty-one items were removed from the 44-item subscale 1 due to the relatively low item-total correlation or Cronbach\'s α value.

Validity testing {#s3c}
----------------

### Content validity {#s3c1}

Each of the 23 remaining items had a high content validity (CVI\>0.8) based on expert ratings.

### Construct validity {#s3c2}

The results of this last factor analysis with varimax rotation showed a Kaiser-Meyer-Olkin value of 0.923, indicating sample adequacy for EFA. Bartlett\'s test of sphericity was significant (p\<0.001), indicating the appropriateness of the data for further factor analysis. The principal components factor analysis and the scree plot of the initial analysis using varimax rotation suggested a five-factor solution ([table 3](#BMJOPEN2016012039TB3){ref-type="table"} and [figure 1](#BMJOPEN2016012039F1){ref-type="fig"}). Q20 was removed because its item-factor loading was \<0.40 (0.397 on factor 3 and 0.391 on factor 4). Eventually, five factors with eigenvalues \>1 were generated and 22 items were retained. The eigenvalues ranged from 1.003 to 5.343. These five factors explained 46.27% of the variance. All factor loadings were \>0.40 (p\<0.05). These results corresponded very closely with what was predicted with the conceptual framework ([table 1](#BMJOPEN2016012039TB1){ref-type="table"}). For example, the six items that loaded highest on factor 1 were associated with infectious disease-related knowledge and values (domain 1). The seven items loading highest on factor 2 were related to infectious disease prevention (domain 2). The four items loading highest on factor 3 were related to management or treatment of infectious diseases (domain 3). The four items loading highest on factor 4 were associated with identification of pathogens and infection sources (domain 4). Finally, the two items loading highest on factor 5 were associated with transmission of infectious diseases (domain 5). Further evaluation suggested that Q6 and Q28 were more closely related to domain 1; therefore, domain 5 was merged into domain 1. The final model consists of four domains ([table 3](#BMJOPEN2016012039TB3){ref-type="table"}).

###### 

Rotated component matrix of principal components factor analysis

                                                                                                 Component                           
  ---------------------------------------------------------------------------------------------- ----------- ------- ------- ------- -------
  Q10 The cooked poultry died of diseases is completely safe.                                    0.676                               
  Q11 A person infected with HIV can be identified from the outside.                             0.555                               
  Q12 The young is impossible to be infected with TB for their good health.                      0.707                               
  Q13 Dogs do not often go out and bite and do not need to give the pet an injection.            0.701                               
  Q15 Migration movement is the basic right of patients with infectious disease.                 0.645                               
  Q19 Catering workers should be legally certificated by the local health authority.                         0.410                   
  Q22 Polio could be prevented by vaccination.                                                               0.545                   
  Q24 The typical symptom of hand-foot-and-mouth disease is the rash.                                        0.552                   
  Q25 The young adults are susceptible to hand-foot-and-mouth disease.                                       0.609                   
  Q29 It is unnecessary to be vaccinated for being slightly bitten by a dog.                                 0.531                   
  Q30 One who is pierced by a nail should be injected with tetanus vaccine.                                  0.567                   
  Q31 Stagnant water in outdoor containers or small puddles are mosquito breeding grounds.                   0.508                   
  Q18 H1N1 is a drug to treat the infectious disease.                                                                0.720           
  Q21 Infested water refers to the water of endemic area.                                                            0.598           
  Q23 HIV refers to a kind of parasite.                                                                              0.647           
  Q26 Vaccine refers to a kind of antibiotics.                                                                       0.424           
  Q3 Patients with hepatitis B should take antibiotics all the time.                                                         0.742   
  Q4 For good taste mutton are edible as long as its colour turning light in the boiled water.                               0.656   
  Q7 TB is cured if there is no cough, sputum and fever after 2 weeks treatment.                                             0.443   
  Q16 Caught with influenza, one should take antibiotics or injections as soon as possible.                                  0.567   
  Q6 Hepatitis B can be transmitted through sexual behaviour.                                                                        0.826
  Q28 Sharing a toothbrush could spread the hepatitis B virus.                                                                       0.550
  Initial eigenvalues                                                                            5.343       1.494   1.262   1.078   1.003
  Per cent of variance explained                                                                 24.284      6.790   5.737   4.905   4.557

Extraction method: principal component analysis.

Rotation method: varimax with Kaiser normalisation.

TB, tuberculosis.

![Scree plot of principal components factor analysis.](bmjopen2016012039f01){#BMJOPEN2016012039F1}

### Discriminative validity {#s3c3}

The maximum score on the 22-item subscale 1 was 38.62. The mean score value of the respondents was 22.07±7.91 (mean±SD; n=8728). The two-tailed Pearson\'s correlation between the age and score was r=−0.238 (p\<0.01). The independent sample t-test (Levene\'s Test for Equality of Variances) showed a statistically significant difference in the mean score value between males (21.65±8.03) and females (22.47±7.78; F=5.632, p\<0.0001). One-way analysis of variance results showed a statistically significant and positive association between the mean score on the subscale and education levels: illiterate (14.16±8.19), primary school (17.00±8.20), junior high school (19.64±7.91), senior high school (23.85±6.76), college/university diploma or higher (26.55±6.26; all p\<0.01 between and within groups). Those experiencing morbidity in the past 2 weeks had a statistically significant lower mean score value (20.62±8.17) than those without 2-week morbidity (22.35±7.83; F=58.064, p\<0.001). Each of the remaining items had a statistically significant difference in the score value between the top 27% and lowest 27% of respondents (p\<0.05).

The area under the ROC curve for predicting adequate health literacy was 0.643 (95% CI 0.615 to 0.671, p\<0.001). The curve for the instrument showed that scores ≥16.74 on the instrument had a sensitivity of 77.3% and a specificity of 45.1% for predicting adequate health literacy ([figure 2](#BMJOPEN2016012039F2){ref-type="fig"}). Of the respondents, 76.2% had adequate health literacy levels.

![Receiver operating characteristic curve analysis by score and self-reported health status.](bmjopen2016012039f02){#BMJOPEN2016012039F2}

[Table 4](#BMJOPEN2016012039TB4){ref-type="table"} shows the results of the binary logistic regression analysis. Higher IDSHL rates were found among females, elders and those with higher education levels. Business/service staff, office clerks, self-employed entrepreneurs, students and healthcare personnel were also found to have higher IDSHL rates. In addition, respondents who perceived their health as very good/good/normal and those who did not report morbidity over the past 2 weeks had higher health literacy. Increased time spent surfing on the internet per day and preferring to obtain health information on the internet were also associated with higher IDSHL. In contrast, off-farm workers were more likely to have inadequate IDSHL.

###### 

Results of binary logistic analysis for potential risk factors of IDSHL

                                                                                                 95% CI            
  -------------------------------------------------------------------------------------- ------- -------- -------- -------
  Sex                                                                                                              
   Male (reference)                                                                                                
   Female                                                                                1.162   1.033    1.307    0.013
  Age group                                                                                                        0.003
   15∼(reference)                                                                                                  
   25∼                                                                                   1.400   1.045    1.876    0.024
   35∼                                                                                   1.623   1.197    2.201    0.002
   45∼                                                                                   1.664   1.221    2.267    0.001
   55∼                                                                                   2.028   1.426    2.884    0.000
  Ethnicity                                                                                                        
   Han (reference)                                                                                                 
   Others                                                                                1.395   0.964    2.018    0.078
  Education level                                                                                                  0.000
   Illiterate (reference)                                                                                          
   Primary school                                                                        1.667   1.262    2.202    0.000
   Junior high school                                                                    2.713   2.073    3.550    0.000
   Senior high school                                                                    4.657   3.457    6.274    0.000
   College/university diploma or higher                                                  9.342   6.417    13.602   0.000
  Marital status                                                                                                   0.869
   Single (reference)                                                                                              
   Married                                                                               1.005   0.781    1.295    0.966
   Widowed                                                                               1.008   0.619    1.640    0.975
   Divorced                                                                              0.818   0.484    1.383    0.454
  Occupation                                                                                                       0.000
   Administrative personnel of government office agencies and institutions (reference)                             
   Professional and technical personnel                                                  1.123   0.761    1.657    0.558
   Office clerk                                                                          2.731   1.637    4.556    0.000
   Business/service staff                                                                1.701   1.176    2.461    0.005
   Factory worker                                                                        1.350   0.749    2.432    0.319
   Self-employed                                                                         2.144   1.261    3.647    0.005
   Agriculture                                                                           1.006   0.695    1.457    0.975
   Student                                                                               3.218   2.088    4.960    0.000
   Laid-off workers                                                                      1.463   0.828    2.584    0.190
   Retired                                                                               1.478   0.927    2.355    0.101
   Off-farm workers                                                                      0.673   0.468    0.966    0.032
   Healthcare personnel                                                                  8.366   1.083    64.619   0.042
  Self-reported health status                                                                                      
   Poor/very poor (reference)                                                                                      
   Very good/good/normal                                                                 1.504   1.174    1.927    0.001
  Two-week morbidity                                                                                               
   Yes (reference)                                                                                                 
   Normal                                                                                1.286   1.112    1.487    0.001
  Time spent on internet surfing per day                                                                           0.000
   Never use internet (reference)                                                                                  
   \<1 hour                                                                              1.347   1.150    1.577    0.000
   1 hour∼                                                                               1.514   1.243    1.844    0.000
   2 hours∼                                                                              1.573   1.271    1.946    0.000
  Method for obtaining health information                                                                          0.000
   TV (reference)                                                                                                  
   Internet                                                                              1.395   1.176    1.655    0.000
   Radio                                                                                 0.789   0.523    1.190    0.258
   Newspapers and magazines                                                              1.408   1.076    1.841    0.013
   Family, colleagues or friends                                                         0.830   0.677    1.018    0.074
   Medical and health personnel                                                          1.153   0.950    1.400    0.151
  Constant                                                                               0.170                     0.000

∼, range.

IDSHL, infectious disease-specific health literacy.

### Final reliability testing {#s3c4}

For the remaining 22 items, the Corrected Item-Total Correlation ranged from 0.316 to 0.504. Each of the Cronbach\'s α Values If Item Deleted was lower than 0.839 (0.754--0.810). The overall α value was 0.839 and the difficulty coefficient (score) ranged from 1.19 to 4.08 ([table 5](#BMJOPEN2016012039TB5){ref-type="table"}).

###### 

Reliability and difficulty coefficient of subscale 1

  Domain                                                                                                Corrected Item-Total correlation   Cronbach\'s α If Item Deleted   Difficulty coefficient
  ----------------------------------------------------------------------------------------------------- ---------------------------------- ------------------------------- ------------------------
  \(1\) Infectious disease-related knowledge and values including transmission of infectious diseases                                      0.652\*                         
   Q6                                                                                                   0.387                              0.810                           4.08
   Q10                                                                                                  0.316                              0.761                           1.19
   Q11                                                                                                  0.417                              0.755                           1.41
   Q12                                                                                                  0.384                              0.757                           1.22
   Q13                                                                                                  0.363                              0.758                           1.21
   Q15                                                                                                  0.394                              0.758                           1.34
   Q28                                                                                                  0.462                              0.771                           2.72
  \(2\) Infectious disease prevention                                                                                                      0.672\*                         
   Q19                                                                                                  0.452                              0.762                           1.19
   Q22                                                                                                  0.420                              0.765                           1.89
   Q24                                                                                                  0.504                              0.757                           1.32
   Q25                                                                                                  0.484                              0.759                           1.39
   Q29                                                                                                  0.364                              0.760                           1.34
   Q30                                                                                                  0.470                              0.759                           1.36
   Q31                                                                                                  0.418                              0.762                           1.47
  \(3\) Management or treatment of infectious diseases                                                                                     0.599\*                         
   Q3                                                                                                   0.350                              0.765                           2.39
   Q4                                                                                                   0.323                              0.762                           1.96
   Q7                                                                                                   0.357                              0.754                           1.57
   Q16                                                                                                  0.356                              0.756                           1.89
  \(4\) Identification of pathogens and infection sources                                                                                  0.632\*                         
   Q18                                                                                                  0.390                              0.756                           1.88
   Q21                                                                                                  0.459                              0.759                           2.38
   Q23                                                                                                  0.481                              0.752                           1.97
   Q26                                                                                                  0.391                              0.756                           1.45
  Overall                                                                                                                                  0.839\*                         

\*Based on standardised items.

Subscale 2: cognitive ability {#s3d}
-----------------------------

Slightly more than half (58.4%) of the respondents were regular internet users. One-third (39.8%) reported obtaining health information or knowledge via television, 30.3% through surfing the internet and 8.9% through healthcare professionals ([table 2](#BMJOPEN2016012039TB2){ref-type="table"}).

The independent sample t-test (Levene\'s Test for Equality of Variances) showed a statistically significant difference in the mean score value between those who correctly answered the four questions and those who incorrectly answered the questions. The mean score of those with a correct/incorrect answer was 24.67±6.82/20.17±8.12 (F=125.321, p\<0.001), 25.05±6.56/20.95±8.09 (F=134.749, p\<0.001), 23.30±7.23/17.07±8.59 (F=108.723, p\<0.001) and 24.32±6.74/18.28±8.29 (F=202.181, p\<0.001), respectively.

Discussion {#s4}
==========

Infectious diseases are among the top 10 causes of death worldwide.[@R30] Low health literacy is associated with poorer health outcomes including higher morbidity and mortality from infectious diseases.[@R31] Although many tools have been developed to measure health literacy including disease-specific health literacy,[@R32] research in IDSHL is lacking. The current study developed a 28-item IDSHL with high reliability and validity. To the best of our knowledge, this is the first study to develop an IDSHL tool and test its efficacy in a large population.

In this study, the results of the EFA indicated that the 22-item subscale 1 is a well-constructed and acceptable tool for measuring IDSHL. All items had loading values \>0.40 and loaded on only one factor, suggesting that the underlying factors are meaningful. The eigenvalues of the five factors ranged from 1.003 to 5.343, and all components accounted for 46.27% of the total variance, indicating that the instrument is acceptable for capturing the attributes of IDSHL among sample respondents.

The correlations showed that the instrument had good discriminative validity. Respondents who were younger, female, had higher education, did not report morbidity in the past 2 weeks or those who were in the top 27% in cumulative score had significantly higher scores than did their counterparts. The results of binary logistic regression analysis verified, when controlling for other factors, that gender, profession, 2-week morbidity, internet use and methods for obtaining health information were associated with IDSHL. ROC analysis indicated that the cut-off point for the instrument was set at 16.74. Thus, those with scores \<16.74 may require help in increasing IDSHL. These results suggest that the questionnaire is an appropriate tool for examining IDSHL.

As an essential component of health literacy, we developed a separate six-item subscale (subscale 2) to assess cognitive ability. The results demonstrated that the questions could efficiently discriminate between individuals with higher IDSHL and those with lower IDSHL.

The present instrument has important public health utility. We tested the instrument in a large sample in China. The results indicate that the difficulty level is acceptable. In particular, the scale is relatively easy to use and administer and can be completed in 20--30 min. This instrument can be used by healthcare professionals to screen patients who may be at risk for misinterpreting key health information. It can also be used as a population-level IDSHL assessment tool in public health promotion and prevention activities and research.

This study has some limitations. First, 2-week morbidity was collected retrospectively and might result in recall bias. Second, information bias may be present as a result of the survey administration techniques of the RAs. Third, the unique environmental conditions present during survey administration may have influenced survey responses and outcomes. However, this scale has been tested among a large population and demonstrated good psychometric properties; therefore, it is an acceptable tool to measure IDSHL in China.

Conclusion {#s5}
==========

This study developed and validated a 28-item IDSHL scale. This newly developed instrument provides an efficient, psychometrically sound and user-friendly measure of IDSHL in the Chinese population.
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